The remarkably low alkaloid content of whole tobacco shoots grown as scions on rootstocks of lowalkaloid species has been recorded by many investigators (cf. Dawson (5), James (8), and Mothes (10) for reviews). Although the data of Tso and Jeffrey (14) appeared to be in contradiction, the disagreement has since been resolved (see below). Solt (13) demonstrated that low alkaloid content in this material could not be the result of an interaction between substantial rates of synthesis and destruction. Consequently, the earlier explanation (4) involving a low intrinsic rate of alkaloid production in the shoot was accepted.
The remarkably low alkaloid content of whole tobacco shoots grown as scions on rootstocks of lowalkaloid species has been recorded by many investigators (cf. Dawson (5) , James (8) , and Mothes (10) for reviews). Although the data of Tso and Jeffrey (14) appeared to be in contradiction, the disagreement has since been resolved (see below). Solt (13) demonstrated that low alkaloid content in this material could not be the result of an interaction between substantial rates of synthesis and destruction. Consequently, the earlier explanation (4) involving a low intrinsic rate of alkaloid production in the shoot was accepted.
Solt (13) 49 and Turkish (Samsun), cigar and cigarette types, respectively, were grown in the greenhouse during the winter and spring months. Cleft-grafts were prepared between these tobaccos and the 'Marglobe variety of tomato, Lycopersicum esculentum Mill. When the 1st graft unions were healed, all plants were transferred to clay pots of 12- (15) as modified in this laboratory (6) . The specific extinction coefficient of nicotine was employed in the calculations, and alkaloid content is given as nicotine.
Nicotinic acid labeled with tritium in the 2-position was prepared by treating 2-bromo-3-picoline with lithium butyl and subsequently with tritium oxide by methods to be described elsewhere. The removing the terminal bud (topping) of the tobacco scion (table I) . That the effect was real is indicated by the results of twice-grafting in which a tomato apical bud replaced the tobacco bud. The intermediate alkaloid content in the latter case may have resulted in part from the increased rate of alkaloid production during the three weeks following the 2nd grafting when the tobacco scion was in essentially a topped condition.
That the production and accumulation of alkaloid in twice-grafted plants were continuing processes is shown by the data of tables II, III and IV. The alkaloid content of the tobacco scion increased following the 2nd grafting but tended to become stabilized in later periods. The tomato scion continued, however, to accumulate alkaloid throughout. The similarity of this trend in accumulation patterns to that described for once-grafted plants in an earlier paper should be noted (13) . In a modification of this experimental approach, the tomato scion of a twicegrafted, (tomato-tobacco-tomato) short-stem plant was cut back close to the uppermost graft union. An axillary bud was allowed to develop a new tomato shoot. After 46 days of growth 19 mg of alkaloid were found in the regenerated tomato shoot. The tobacco scion in this case was variety Connecticut 49.
Defoliation of the tobacco scion component in short-stem, twice-grafted plants not only failed to reduce the rate of alkaloid accumulation but, in fact, appeared to increase it (table II) . This increase was, however, paralleled by an increase in dry weight of the tobacco stem (see below).
When long-stem, twice-grafted plants were assayed for alkaloid, the results were only quantitatively different. The tomato scions did not grow as vigorously in these graft combinations as in the case of the short-stem, twice-grafted plants. Nevertheless, the total alkaloid content was substantially greater in these long-stem, twice-grafted shoots (cf. data in tables I and II) than it was in the short-stem, twicegrafted shoots.
EFFECTS Christman of Brookhaven National Laboratory showed that the nicotine so obtained was not at all radioactive (0.0 dpm/mg) within the limits of sensitivity of the procedure.
DISCUSSION
Locus OF ALKALOID SYNTHESIS: With the use of radioactive nicotinic acid as precursor, it was shown in an earlier paper (13) that the excised tobacco shoot can make small amounts of nicotine. The data of the earlier paper and those described herein point strongly to the tobacco stem, including the graft union, as the locus of much of the alkaloid synthesis that occurred in these grafted plants. The following points sup- (table II) . Second, the sites of greatest alkaloid accumulation in all grafted plants were the graft unions and the tobacco stem segments immediately above the graft unions (table IV) . Third, the presence of strong gradients of alkaloid accumulation in the stems of the tobacco scions as well as the absence of such gradients in the terminal tomato scions of the twicegrafted combinations are consistent with this interpretation (see below). That the graft union with its greater cross-sectional dimensions was not the sole site of alkaloid synthesis is indicated by the following facts. First, the synthesis of radioactive nicotine in excised tobacco scions noted in the first paragraph above was accomplished in the complete absence of graft union tissue (the latter had been removed prior to the experiment). Second, as indicatedl above, alkaloid distribution in a tobacco stem above the graft union with tomato rootstock was quite different from that in a tomato stem above the graft union with a tobacco scion as in the twice-grafted plants (tables IV andl V). If the graft union were the sole site of synthesis it would appear that identical distribution patterns should have occurred. Third, the axial gradient of alkaloid distribution in a tobacco scion superior to a graft union with tomato in the combination tomatotobacco-tomato is the same as that in both tobacco scions of the combination tomato-tobacco-tobacco (table V) . From these facts it follows that the occurrence of such an axial gradient is a characteristic of tobacco, and not of tomato, scions and that, consequently, the high concentration of alkaloid located in the lowermost stem segment of such scions is a result principally of synthesis in situ and not of translocation from the graft union.
The alkaloid found in the tomato scion component of the twice-grafted plants could not have originated in the tomato scion. The lack of radioactivity in the nicotine isolated from tomato shoots fed tritiated nicotinic acid is evidence against synthesis by these tomato shoots. If alkaloid synthesis had occurred in the excised tomato scion, a specific activity of 60 dpm/mg might reasonably have been expected. Such expectation is based on two reasonable assumptions: 1) the rates of alkaloid synthesis in excised shoots of tomato and tobacco should be generally proportional to the mean alkaloid concentrations in intact plants of the two species; and 2) the rates of incorporation of nicotinic acid into nicotine should be proportional to the amount of the acid supplied (unpublished data).
Despite the fact that no substantial decrease in alkaloid production occurred in these experiments when the tobacco leaves of twice-grafted plants were removed, unequivocal evidence is lacking that leaves fail to produce alkaloid at some stage in their development (cf. 9, 13, 14) . PATTERNS OF TRANSLOCATION: There was ani accumulation of alkaloid in the terminal tomato scion of all twice-grafted plants of the type tomato-tobaccotomato. Since it has been shown that tomato shoots do not produce pyridine alkaloids at rates sufficient to account for the concentrations observed, even when supplied with nicotinic acid, it is clear that the amounts reported herein mnust have arisen entirely from translocation from the tobacco component.
The distribution of alkaloid within the tomato scion component provides further evidence of the validity of this conclusion. Thus, the alkaloid content of the leaves of the tomato scion was higher than that of the tomato stems. Further, as related above, the vertical distribution of alkaloid in the tomato scion stem was relatively uniform throughout. The grafted tobacco stem showed opposite relationships; the stem contained more alkaloidl than the leaves and the distribution varied with the distance from the basal graft union. It is noteworthy that in the intact tobacco plant, where the great bulk of the alkaloid of the shoot is brought up from the roots, the distributional pattern in the shoot is similar to that of the tomato scion in the present grafting experiments.
The evidence thus fits the following hypothesis. Nicotine is produced in the stem of the tobacco scion comp)onent. It is translocated upward through the xylem (4) principally to the leaves. The 2nd graft union (between tobacco andI tomato scions) appears to offer no barrier to upward transport, and thus the alkaloid is deposited principally in the leaves of both scions. Similarities in alkaloidl concentration between tobacco leaves (0.34 ± 0.14 mg per g dry weight) and tomato leaves (0.36 + 013 mg per g dry weight) of the plants described in table II (treatment 3) may be a reflection of this postulated freedom of transport.
Judging by the absence of nicotine in the tomato stocks of the graft combinations described above, downward transport of the alkaloid across a graft union of the cleft type apparently never occurs. Absence in this case is related to the sensitivity of the assay method employed. By special methods (13), it is possible to demonstrate the presence of nicotine in the tomato variety used in our grafting experiments whether or not they have been grafted with tobacco plants, but the amounts involved are several orders of magnitude below those described herein. The validity of the above statement is therefore not impaired.
Some downward transport of alkaloid was demonstrated in the tomato component of the approach graft described above. The contradiction in these observations may be removed if it be assumed that a graft union imposes a barrier against downward but not against upward transport of alkaloid. Thus, in case of the cleft graft, no alkaloid movement could occur from tobacco scion to tomato rootstock owingf to the fact that the graft union involved the entire cross-sectional area of the stem. In the case of the approach graft, however, nieotine could flow upwardl from the tobacco stem, across the graft union, and into the tomato stem superior to the graft union. Earlier data have shown a tendency toward redistribution of alkaloid throughout the stem cylinder above the graft union in such cases (4) . In the present experiment, alkaloid so redistributed could then descend through the tomato stem in that sector where there occurred no graft union to bar the way.
With respect to the notion of a barrier to downward translocation, Rogers and Beakbone (12) have correlated decreases in sieve tube diameter and number at the graft union with decreased downward flow of organic materials. It is thus tempting to conclude that alkaloids may also be transported downward in the phloem. However, the barrier to downward alkaloid movement in this case appears to be complete, while the barrier to downward flow of foodstuffs must be only partial judging by the fact that growth and development of the tomato rootstock is normal. The outward manifestation of a lowered rate of downward transport of foodstuffs in our grafted plants is the swelling which always occurs at the graft union. A puzzling aspect of this situation is, however, the fact that much of the observed stem swelling of the tobacco scion is visibly associated with an increased production of vascular tissue, at and near the graft union.
If the downward movement of tobacco alkaloids can occur in tomato shoots it seems very likely that it can also occur in tobacco shoots, although the amounts involved may never be large. Wilson has reached similar conclusions in the case of the alkaloids of Atropa belladonna (16) . PATTERNS OF ACCUMULATION: Patterns of alkaloid accumulation in the once-grafted tobacco shoot have been described in detail in earlier sections of this paper and by Solt (13) . Special mention should be made of the approximation of an alkaloid content normal for ungrafted shoots of the same variety bv once-grafted tobacco shoots which have been topped.
Although it has been known for a long time that the amounts of alkaloid produced and accumulated by a given species or variety are responsive to changes in environment and to cultural manipulation, the extent of the increase brought about by topping of the once-grafted tobacco scion goes far beyond the usually observed order of magnitude. We have been unable to locate comparable observations in the literature. However, the recent paper of Tso and Jeffrey (14) reports alkaloid contents for once-grafted tobacco shoots (tomato rootstock) which are far higher than figures obtained by us or by other workers (10) . Private communication with Dr. Jeffrey disclosed that their plants were indeed topped. Hence the discrepancy is-removed.
The underlying reasons for the increased alkaloid production due to topping provide interesting subject matter for speculation. If alkaloid synthesis can occur in the stem as earlier concluded, then it must take place at the expense of photosynthate from the leaves and of assimilated (or unassimilated) forms of nitrogen brought up from the roots. The situation immediately above the graft union between tobacco scion and tomato stock is very probably represented by the following. When the apical bud is removed, translocation of photosynthate to the bud and its utilization in new tissue construction are also shut off. The root system represents an alternative primary destination for translocated photosynthate, but there is a partial barrier to such translocation at the first graft union (12) . Consequently, there tends to be piling up of such materials at and just above the graft union. The upward flow of nitrogenous compounds from the root system is not hindered by the graft union. Upon passing the boundary between tomato and tobacco tissues at the graft union, these components of the ascending transpiration stream encounter cells which are already heavily loaded with carbohydrate. The result is a greatly increased rate of synthesis of nicotine and possibly of other nitrogenous compounds in the stem tissues within and immediately above the graft union.
Obviously, further work is necessary to ascertain the extent to which gains in alkaloid content of intact tobacco shoots that have been topped are due to a similar interaction within stem or root of the components of the translocation streams. In the past (1, 11) we have inclined to the view that topping merely diverted photosynthate from apical bud and inflorescence development to increases in root growth and synthetic activity without necessarily increasing the alkaloid producing capacity of the histological or anatomical unit. However this may be, it is now clear that the tobacco shoot is potentially capable of synthesizing quantities of alkaloid entirely comparable with those which in earlier experiments have been obtained from the tobacco root system. In the case of the intact tobacco plant, it is also clear that estimates of the net contribution of the shoot to its own alkaloid content, which have been based upon the alkaloid content of once-grafted but untopped tobacco scions, low as they are, may already be too high owing to the effect upon alkaloid synthesis in the scion stems of the barrier to translocation created by the graft union. On the other hand, differences between tobacco and tomato in the composition of the ascending root sap with respect to amounts and kinds of nitrogenous compounds may also affect the rate of synthesis in the tobacco stem. At present, there are no data to assess either the direction or the order of magnitude of such influence.
SUMMARY
Alkaloid yields and distribution patterns have been investigated in the system tobacco scion-tomato rootstock. Consistent with earlier findings, yields were greatly lowered as a result of grafting with tomato rootstocks.
Removal of the apical bud (topping) of the tobacco scion led to a virtual restoration of alkaloid yields normal for the variety. Substituting a tomato bud for the apical bud of the tobacco scion gave intermediate yields.
Defoliation of the tobacco scion did not reduce alkaloid yields.
Most of the alkaloid of the tobacco scion was located in the graft union and in the stem immediately above the graft union. Such localization was not found in tomato scions grafted upon tobacco scions.
Alkaloid was found in tomato stems and leaves below an approach-graft union with a topped tobacco scion grown on a tomato rootstock.
Labelled (with tritium) nicotinic acid was not converted to nicotine in excised tomato scions that had grown atop tobacco scions.
It is concluded that the principal site of alkaloid synthesis in the system tobacco scion-tomato rootstock is the graft union and the tobacco stem immediately above it. Some of this alkaloid is translocated upward to be deposited in leaf and stem higher on the plant.
Evidence from approach-grafting experiments is interpreted to mean that alkaloid can be translocated downward but that the graft union presents a barrier to such translocation. The possible nature of this barrier is discussed.
It is indicated that the high alkaloid yielding capacity of the graft union and of the adjacent stem tissues is probably atypical. Thus, the direct contribution of the shoot to its own alkaloid content in intact tobacco plants is probably over-estimated when calculations are based upon the alkaloid yields of grafted plants.
Tritium-labeled nicotinic acid was prepared by Dr. Amedeo D'Adamo.
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